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DCC ^^1- 7^H ^^^S7} *|JL ^^4^o)l *]]°H 3jo.^ a^-- 

nflael^lsl IMM^ ^ DCC ^St £fe *l<S^7l^H ^|5.7> 7flA]sl4. 
£ 3 
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0 ]# li^^^lDelay locked loop circuit for correcting duty cycle internally and dut; 
cycle correction method thereof} 

4M1*1 -y-g-s]^ J±4 °)n*}7] 4 

-£ l£ ^r^4o]^ iL^7l(Duty cycle corrector, DCOl- ^wl*Rr i]}*}^ 

B\ ^-E^HCRegister controlled) DLL^ I^^olcf. 

£ 3£ £ ^o\) 4€- ^*H# ^ ^ DLL# #^E°14. 

E 4fe .£ 3^1 5^13 ^l^o^s)^ ^.Ajj fsnolrj.. 

51 8tt 51 3^1 51^ *1<£5K1 Jf(34)^ ^ ^£0],}. 

£ 9A ^ 51 9B^r SI 3i SL^m a. y^ojj rcfs X C £fe DLL^] 4 6 1 



\ ™ 1020020060814 2003/3/24. 

<n> ^ x]<£^7] 4^ (Del ay locked loop, DLL)3|S°l] ^^, 4*1 ^ 

^l^i xHl^ ^Bj*H^g- sL^fe xl<2^7l ^2)5. * o]5] ^E)4ol# i^yj- 

31- £4^Rr ^HHHfe ^^la ^4^} -t^i ^ 

(Edge) f^<KCenterH ^H^> tr4. °l^tr A>-g-^ ^ ^ 

s^Stt ^ A J-^7l^a( Phase Locked Loop> pll) « ^1^^7l^(Delay Locked Loop, . 
DLL)7]- ^l^e^Hfe DLL°1 4-£-€4. 

<13> zLBidl #<£<>M ^ * r 7 <Hl*H*l S.^ t-Ho]Ei7> DDR (Double 

Data Rate) ^E^Hi ^-foflfe, #^51^ ^E^H#°1 50%^-^ 9H<4 ^ ufl 
AH-^HH c-HojEi ^tJo] 44 S>7<H*HH ellolEl^^ 40] 

^•^711 slnf. o]e^ ^-fofl ^-^dlojEi #j£-f (Valid data window)^ ^#2] 
3to] c] ^^^l7l afl^l ^lae] A^o} h^oI^I #0^4. 4 

^ s^aI^o) -Ej^oj^o- ji^^l tM^WI- m^7](Duty cycle corrector, 

DCC)7> 1A^>4. 

Q7-c; 
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<i4> £ l£ ^fifl^l ^r44°l# iL-§7l(Duty cycle corrector, DCC)# ^l^Hr 31*1^ 

El €-Sl-^.(Register controlled) DLL 5] ^^Ef 44^4. 
<is> £ 1# #3&3r£, efl^liE] ^§|£ DLLf ^^#71(11), XH 35.(12), ^^5) 

3.(13'), *1<2 31^(14), X|l ^ 42$\^ $14f-^°l 4 (Phase interpolator)(15) , ^.Ji# 
*1 «3 7] (Compensat i on de 1 ay ) ( 16 ) # t 2 - 4 *r 4 . 
<ie> o] DLL^ (Coarse loop) ^ 4^ ^H(Fine loop)* £fe DLL 4 4 ^£ 

i ^(Lock) ^HH^ 3:^§>7l 4^X1^ (Del ay chain) (14), 4 

4^(Delay lineH 4<?1 ^ ^?HH4 &H4£-§: S^*>7l ^sfl afll ^ 7fl2 

fl^- ^4#3144(15)7} A r -8-£l4. 

<17> ^eflofl^ ^4*H^§- ^§>7l ^*ti 4Al^ ^El^oj^o] ^1 

JL*(DLCLK_F,DLCULS)^ *t$f:}7) $4 XI 1 ^ Xl23# ^141-3144 (15)4 #^#4 
*fll ^ X|2fl^ (Phase blender) (17)7]- <^^^4. 4^ £%7]^ £ 2<*fl 

44 £°1 #3#4 ¥ 7fl°] <?l44(21,23)-& ^€4. 44*1 

#^^1^(0UT)^ a o v^oii^i^ £44(21)4 <^4!J:(iNl)4 #^144 °144(23)3 ^ 
^5L(IN2)£] #^i4 4°HH ^^4. p>%!-7>^S #34L£(0Ur)4 4 7 <H4fe 4 
44(21)5] <a^*l;£(lNl)4 *RM144 £44(23)4 <y^JUlN2)4 4 7 <H4 4°H 
*\ «£4. 

<18> ^4 £^7|# oj-g-*> ^E]4o]^ i^Bj-^^ 7^ 4^#4 014 

32*11, DCC ^4(Range)^ ^ ^^l^(INl)^ ^4(Slope)4 ^^(IN2)4 7J44 
€4. ^ ^#tr DCC 4*lHfe ^-71 ^ ^lsl-(iNlJN2)4 7^aV7> 4^ 

31 °1# 444 £44(21) ^ £44(23)4 ^ ^ #3^1 €- £ 
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?l3fl^l^l-(Cl,C2 f C3)ol <21£4. °1*H ^lJl(ECLK)^ -Irf^MfH 

4 40:60 5Ett 60:40 <>14<y ^o. DCC7 |. 44^ 0^444 ^ ^ oi 0^4 ( £4 433 
^3.7} ^7}*}JL 4t!r *flSH ^ $14. 

<19> . 44^71 7f44 440} ^44n£. 45L44*14 4^1 

tSACCclock to valid output delay time)^ #^47l^ ^r^°l &4. 

<20> 444 M- ^ol 61=JL4^ 71^3 44^, DCC ^# 7}X)V\ $&±3- 

7} qjL ^4^4^011 44 440} ^ o.^ d))s^^44 44 # ^4^m Slfe 

DCC SIS* £tt 4^71^ 4^1- *li^Rr efl o|4. 
- <21> £ oiajl7>4^ 4s. 7)^4 4*11^, 44 4^4^ 3js°H4 DCC 

m:-^. oi ^4. 

<22> 4-7I 4^3 44 # i^l-4 W ^°ti 4€- 4^4 ^s^, 343# 
71, 4i444s, 424^3-, 4<£4°J *fli34 °Je1#3H4, *H23l4 91^4 
^ *I1334 °J4^He]«- ^4*Rr ^-4^s. 44. 

<23> 4-7I 443#4fe 4^#^ 431 ^ 3J2E.1B1 ifl^M 4<>14 4441" 4 

#4^ 014 cfl-g-4^ ^ 4^^1^1-# f^R^. 471 4i^Hsl^ 471 

4« ^ 4^^1«^1 -g-^HH 471 45: ^ 44 4^ ^l^t 

4°]^ 444# ^(Coarse locking)44 4^" *lU*lH4Ji^ ^ 44 444 

1- 44 4^ (Fine locking)47l ^tb 42^14 4:&l-# *H9$4. 47l 42443^. 
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lit 

<25> 4>7l ^1^^" ^El^H^fe ^7} 424^4S.^ ^4^1 -§-^H ^7) 4l*}<£ 

#^^1^1- ^7} ifl^#@J ^M-S^i ^-71 ^^#71^. ^]^1-J1 o] 

^ A o^#7lS afl^t*. #>1 ^13^^- ^WH^ #7] ^M^JLl^l -g-^*H 

<26> a. i^ofl ttj-S ^1^-^71 ^JES]^r #7] *l|l^ ^B^W^ ^ 

i^l^^H ^"71 ^^^ 7 }5. iL#*l<£7l# Cl ^Hl^- ^ 

Q7-Q 
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<27> #71 a||2a|M3=|5.*r, ^ #7] 4&^M^ ■ -§-#*M ^3^^ 3 

^ ?7] ^El^^l: cf^S^l -g-#*H 

# «g #7l 2114211 ol 4!JLt-gr ^*Hf *\}2^%^ *H95.t- 

*28> &*1 #71 ^-El^^ ^1*1 #71 ^^IJll-^ #**I|*H tfl^ <^Jl £ 

^Hl^Hl tfl$ ^^1J17> SL^ ##^-1 nfl ^^4." #71 ^E]^# ^ 44a] 

Jl^ ^-71 4^4^« ^-^l^Hl 4^-4^ ^ *RM1*H cfl*i 4^4^7> sl^ 

<29> #7l ^l^-il-^r A o V 7l 2)114 <£€1:4 A}2A^% 3 f^<H 31*1 

<30> g^l 3f- #71 2|ll^# ^lEl^^olElfil #7l 2lll#^Al^fe ^*^^7> #7l ^-f-t 

3 #:M ##ofl^H 4^ *7l^4. #7l 2fll^# oi^'#^oiE|ai #7l 2ll2#^#^ 
^ * A ^7l 2fli4# ^Ei#efloiE^ # 7 i *mi^#:M #^oflxio(| -g-^H 
xz lift 4X^14. ^ ^ A d"7l 2)12^1# 9J^#eflolElsl #7l #^#X^ # 

&«K*\7\ #71 &±$\ ^J-o^jofl 40] ^71^4. A J"7l m^ti 

$ ^7} t^^fe ^ $ ^Hl7} J±3£ #jM *}#o)i4oii -g-^H t^slfe 

ft ^ ^!i<>iq-. 

<31> #71 4# 7l#*! 42111- ^^>7l ^ £ 4# DCC "cHl^, (a) 

#31 ifl^l (g) ^7111- f«m4. 

37-Q 
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<32> ( a ) £3H4, ^ 2)HtiJj lfl^#3 AlJll; 3#*1~I- 

^ °H cfl^>fe <g^lr ^ .^^4. (b) £3HH, #7) ^^1^1- ^ 

-§-^*H #?1 4lJL £ #7l tfl^#SJ A]« 

#*}# 5LSL^ ^f>7l fl^ ^1^1^^1« « #?1 3#^* 4^ ^^71 W ^2 

^$4. (c) #t1HH, #7l <^#iL# g t^sl^l -g-^H #7l . 

<33> (d) #7)HH, .*M<H4!jri-f' #^i*hi tfl-ft 31^1 >#*H SI 3$ ^ 

#7l ^3^^^1«^1 -g-^H #71 4iz\<&€^ #7l aj^lg-il- ^ 
3*l«Hr ¥ 7fls] *H3*l<3€»sl #^4. 

<34> ( e ) #?H>H, #7] ^H^Jl^ <$H^*H ^ %^6\] -g^o} #7] JftlX] 

*Hl#^#:£-& #71 3qt=Hfl iflJj?-#3 #^1-^1 «WS^1 afl^Kil °1 ^2#^^lJll- afll 
tfl^t^ #5:5.4 #^*ln}. (f) #7lHH, #71 ^2^lH^l^i-^ *KM1*H tj|$ ^ 
#°11 #7l ^l^-I-M i^JL^ ^Ei#£ll^lS^}^ #^^1^1- t^Jl 

°1 #71 2l] = «fl #^l;£l 4^ sWS^I *)1^#4. (g) #?H4, 

#7l ^H^iLl^ -§-<eHH #7l ^13^^11-^ t^Sl-g: <?]El#Ell^M^H # 
^#±# °1 #^#^1- ^l2^-^#^ #iL^1 M*>4. 

?7-m 
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<35> ai-7] ( C ) #?1 <3#J:l- ^ #7l 4£#:£f 6 fl 4#*H ^^^-1: 

<3#Jl ^ ^43^ 4lL> 4£«# ^<9*Rr ^^1, ^ #71 m <$4& 

^ #71 ^4.3 3 £ ^ 4£#:M -§"^H #71 ^|3^H#5ll- ^ #71 ^HAlS 
#^ !H^Rr #31 «■ ^43:4. 
<36> #71 ^f-El^^^r 4lL> <3#£*f #71 <a#-5L!:^ #^o)14i tfl^> <^3l g 4# 

«fl4«H Cflt> ^^1^7} £^ 1^1 rcfl ^4^.14. #7] ^E]^# 4l> 4£^±f 

#7] 4£#3i#^ #^14i 4m 4£4U ^ ^Wl^H ifltt 4£#3L7} t.# 

<37> £ ^4 M- »Vt$^ ^ aVo] oj^ a £ y^o} ^x\d\) fiJ^H iH34b 

#£*1 4*fl*M 4*IMfe wVt^o} H>^-3]^ ^AH1# oflAl^ W ^ « 

H^ofl 7l7M ifl-g-^ ti5H^°l W. 

^ ^-Aflsj ^^4. 4 *H€ ^-f^fe ^Utr .-"Mil- 44nE4. 

<39> £. 3 6. ^ g-tgo|| nj-^. ^El^ol^ ii^(Duty cycle correction) £^ DLL 

■i- 44^ 1^44. 
<40> 3E. 3# fe*>£, £ 4# DLL£ 4 #3 #71(31), *fll;*lH4£-(32), ^2^1 

<H5l^(33), 43=KI -¥-(34), *)U4# *14#eH4(Phase interp0lator)(35) , *fl24# 
<?14-i3H4(36), ^134 # ^14#ell 0 14(37), ^ SL# 4 ^71 (Compensation 

del ay) (38)1- ^4^:4. 

^7-1 1 
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<4i> £ ^ofl 4# DLL-rr DLL 7HH°1H DCC ,^r^*>4. H 

€ DLL^lfe DDR AI^e^o] ^ o. - 7 flo^ =^(Loop), ^ ^^1^1* ^7l 

if-H£|- ^RHl^ll- fl^b ¥- = 7} &o.^ 5E*1 ^*M#.g. ^5r>7l ifltf 

^^•71 (Phase blender )7> S^£)<H $14. £ ^afl ttj-§- DLL°fl ^ ^7p\ 

2fl^ DLL4 alitsH 42^^^13.(33) ^ alMtf ?1b1#^|<»1^ (37)7} ^7>sH 
°J 4(34)^ ^ ^ f-^ol j= H £ a1^ #Efl^ DLLS] ^4 tfecf. 
<42> o^^od^ 34^3 ^IJl(ECLK) ^ ^1^71(38)^ a>o]^ ^ 

A o^>l- 3#«H °H1 cfl-S-^m ^«(UP_F/S) ^ tf£4lJi!-(DN_F/S)# M}-^^^ 
^ ^]°d7l(38)^ ifl4€3 AljrS., ^ ^1^^- <?lEi#e]lolEK35)^ #<g)AlJr 

(DLCLK_F_R)£] «>^i^li(/DLCLK_F_R) ^ ^2^^- <yEl#3HEf(36)£] 
(DLCLK_S_R)1- iL^l^l^ #7l 

tiV£^] 42.eH^l^HH cflojEi 3fldi(Path)^ ^ ^lil(ECLK)^ 4 

*fl^*H4. ^1^71(38)^ 44 A o v 7l DLL^l £^44 ^£ &4. 

^-^Itt ^7] ^H«fl ^#(/DLCLK_F_R, DLCLK_S_R)°1 4 ^#71(31)3. 3] 

<«> 41444^(32)^ ^Jll:(UP_F/S) ^ 4£^Jil:(DN_F/SH -§-4*H 

^Ji(ECLK) ^ 4^ HJ ] ^4#^ ^l^«-(/DLCLK_F_R, DLCLK_S_R) 4°14 4#4« i2-$-£ 
4^47] 4tr 4l44^1"(ElPJ7S,EDNJ7S,0UPj7S,0DN_F/S) ^ 4^4* 44 
^S*}7] 33: 4244«I-(WUP_F/S,WDN_F/S)# 1H^4. ^4 42444^(33)^ <$ 

Q7-19 
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^]Sl-(UP_F/S) ^ t}£^iL«-(DN_F/SH -§-#*H ^IJI(ECLK)^ Sii ^ 

i^l- ^§^^>7l ^|fV ^S^l^^l^l-CEUP.CEDN.COUP^.ODN.C) ^ 4*1 ^EH^t- ^ 
^^1-7] ^14^11 ^^5H-(WUP_C,WDN_C)^: iHl^h ^1^H^S.(32) ^ ^H^S. 

(33)3 ^ ^ JFHjAi ^€4. 

<44> a}7HH F 7> l-^^fe ^Isl:^ #^4l:M ^B^l^- ^H^Jl 
S7> #<HSHr 41JL#£ ^HHl^l^ Aj^oj^. o^lth}. Q7} -g^ol^. 

<45> ^l^^Ai^^( EU p_ F / S)EDN _ F / S> 0UP_F/S ( 0DN_F/S) |Ml3*H^l« 

(EUP_C,EDN_C,0UP_C,0DN_C)^ ^(Coarse lock) *1<£^ ^Q*}?] 

A|iL-i-oH c|s.^ xl^e^o] ^-(34)5. ^l2^H^iL-t(W_F/S,WDN_F/S) ^ *fl 

4^1^A]^S.( WU p_ CiWI ) N _ C )^ 3XJ.O] Bj-( Fine l 0ck ) ^-7j-^H u]^) Xl^^- ^ ^ 

^2^]^^l^l-(WUP_F/S,WDN_F/S)-8r ^1 ^ ^2^^- ^£^#^101^(35,36)^ 
^4A|H>a^*(WUP_C,WDN_C)^ < elBi#eflolEK37)S 9j^^4. 

<46> xlojel-o] Jf-(34)^ ^s\^(34A)Q *l£*fl<?l(34BM: IW. *l£*fl<?l(34B)£ 

<47> ^1^711^ Xlo^el-O] «-( 34 )^ #71 ^iT^AlJr^ #^6j)^o|| tfl ^ *lH ^1 

Sl-CEUPjr.EDMF.OUPJ^.ODNJ?)^ -§-#«H *1$*I|$1(34B) -iflsl ^1^*V ^ 7fl^) *)U*l<?i 
i^tfl 2iw]*l) ^ 22*1*11 *1<3>S1-S] #^a1^s.( E0 ut_F,00UT_F)# #3 
#7l ^l^iH^l-f 1 *HH*H tfl$ ^l^^i-(EUP^S,EDN_S,0UP_S,0DN_S)^ -S- 
rf-^H *1 ^1^(343) ^^*V ^ 7fl5] ^12^1^«-, cfl^cfl 15«1^| ^ 16*1*11 *1<£ 
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#^JL#(E0UT_S,00UT_S)i: ^<?H SEtJ: ^l^Sl >(34)fe A oM 

^3^<H<iJ:l-(EUP_C,EDN_C,0lJP_C,0DN_C)<fl -s-^H #71 *H2*1<S 

^Iffil #^^1S1:(E0UT_C,00UT_C)# #ej«H *1 
^-(34H^ siLi §K Coarse lock) ^^HH^l 

(EUP_F,EDN_F,0UP_F,0DN_F)i -§-#*M ^^5llr(SELl_F Ml*l SELn_F)l- ^J^I 4 
71 ^ll^l^^l^l-^ *>#ofl*H cfl*> ^ll^Al^l-(EUP_S ) EDN_S,0UP3,ODN_S) <i ll i W 
^4lJul-(SELl_S ifl*l SELn_S)l- ^3^<H^l^l-(EUP_C,EDN_C,0UP_C,0DN_C)i 
^^^1^#(SEL1_C ifl^l SELn_C)# #^4. 

<49> ^l«j>Jil#(SELl_F ifl^l SELn_F)^ ^l^(ECLK)^ ^^M^ ^4" 

€3 ^li(/DLCLK_F_R)^ Aj-ojo^ #o]7] 3*fl ^^^1^1(340) aV 

71 ^ 7fl£] ^1^^^*^ #^^lsl-(E0UT_F,00UT_F)# ^sRr ^ol^f- 
^4lJL-t(SELl_S Ml*l SELn_S)^ ^l^(ECLK)^ *KH]*1<2]. ^ WJ 1 

^]Jl(DLCLK_S_R) 4°]^>1^>1- ^*fl ^1^^^1(34B) ^ #7l ^ 7fl£l *fl2*l 

<aHl:£l t^5Ll-(E0UT_S,00UT_S)^ #^*Hr ^}Jl°14. *m*\2L^(SELlS vfl*] 
SELn_C)^ ^El4°l#^r 50%5 £^7l ^fl *1 ^1^(348) ^ #7l = 7 flo] ^3x]o^| 
1-^1 #^^1^1-(E0UT_C,00UT_C)# ^<?Rr A}jro]4. 

<50> 40] H4-(Fine lock) ^?HH *HH<^I: ^<?>7l # 

7l ^lllxl^^l-5] #^a]^1-(E0UT_F,00UT_F)^ *lll3# ^-^H 3 (35)5. °d§]£U 
^7} ^}27]^4%^ #^^li:l-(E0UT_S,00UT_S)€: *H23H V ^lelH^ (36)5 ^^^.trf 
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. $7) *^^1S*(E0UT_C,00UT_C)^ Wine lock) ^^HH ^ 

a *hi*i<£# 2,^\7) #n ^ i^i °i 3(37)5. 

<5i> afll^tf ^B^sflolEiCSS)^ e (weight) ^iL^ljLl:, ^ ^1^)1^5|S(32)^ 
3 ^2^1^^1^#(WUP_F,WDN_F)i -g-^M A 0 M aj|l*l<gl#Sl 

(E0UT_F,00UT_F)^- ^^H^H ^1#^^1^(DLCLK_F_R) ^ ^12#^S(DLCLK_F) 
f. tl^. °1 311#^Jl(DLCLO_R)tt $lnN(39)¥ #7l 
3 ^±1-^ s}i4^i fi4M^7l(38)S Xl^sU ^12#^^^1(DLCLK_F)^ ^)S.^^}^ 

<52> *H23R V < aBi#eflo)Ei(36)^ M (Weight) ^iL^^t", ^ *ll 1*)H S] 5(32)^4 
3 XI 2^1 <H <d S^S- ( WUP_S , WDN_S) °fl $7} ^12^1^11-^ f^JLl: 

(E0UT_S,00UT_S)-i: ^^HmsH #^Jl(DLCLK_S_R)# iH^t}. o] f^Ji 
(DLCLK_S_R)^r $7} ^IJ:!:^ A% ^^^i iL#*l £7l (38)5. *fl-£^ 

<53> *fl33tf <a3#EflolE^37)^ $)MJE ^iL^l^#, ^ ^2X1<^S1S.(33)^E.-1 <y^5] 

Xl4^H^:£t:(WlP_C,WDN_CH -§-#<5H $7) *fl3*l ^H-*^ #^^51* 
(E0UT_C,00UT_C)# ^^H^H ^ Jl(DLCLK_C)1- ^J*^. °] M^JL 
(DLCLK_C)^ ^S.si^l^ ^JlI^ 4€- ^>45 

<54> £. 9A ^ 5E. 9BS1 E^o] £.oj] c A |^| yi^ 7^0] sl-^i ^ ^ i<%$ o] E ^ 31^(35) 

Xll#^^li(DLCLK_F_R)fe $^)t]7} ^Jl(ECLK)^ ^<^H A9l 

^q-. *\U$\$ ^^H^i (35)^1 Xl2#^^l^(DLCLK_F)^ ^ ^ *)ll#^4l:£ 
(DLCLK_F_R)^ -§-#*H iH^^r liti ^1^14. 



0 
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$2$\<# ^#^61^(36)^1 #^Jl(DLCULS_R)tt ^ * ^^P} 
(ECLK)^I ^oil^oil 40} ^71^4. °jBl#eflolEK37)^ (DLCLK_C)^ 

* ^34 50%S iL^€ £2.2>\ *HH4°ll ^-d-sfol ^S^tt $fe ^Jl 

<55> £4rE 3*1] ^1^]^ 5)^^ #>fl w^^o^. 

<56> c 41- |V2^, *fl 1*H33.(32)^ A o v *°lH 3 3.(41) ^ 4 7 cH4 

4°)% 5.(43)1- 

<57> ^oflx] *H3E|3.(4mr #*4|*W tfl$ ^iL(UP_F) * #<£4|*H tfl$ 4-Sr 

(EUP_F,EDN_F,0UP_F,0DN_F) ^ #7] *fl2*H*!:5:S-# #^o]j*]o]] tfl^ 
(WUP_F,WDN_F)1- ^OT". 4 7 <H4 *H 3 3.(43)^. ^ofl 4 ofl tfl*J- <gAijL(UP_S) % 
4 7 <H4°fi ufl^ 4£^s(DN_S)i -g-^-^H A o V 4 AlA]°\*\3L%^ 4 7 oH14°ll cj]t> 
4^M(EUP_S,EDN_S,0UP_S,0DN_S) ^ ^4 *ll2;*fl4^:£-t# ^Hl^Hl t|RV ^H^JI 
1-(WUP_S,WDN_S)# ^^^4. 
<58> #^4 *lHs)3(41) ^ 4 7 <H14 443^(43)^ t= 9^ E}to'51t # 

<59> £ 5^ £ 3°fl J£44 ^124^43.4 ^.^.£014. 

<60> £ 51- 42*lH43(33)Tr 41^3^ 443)3.(51) ^ 312^4^ 4 

433.(53)1- ^«m4. 
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<6i> *flHfEl33 *H3i|3.(51)fe <^J>#(UP_F,UP_S) ^ 4£^#(DN_F,DN_SH ■§■ ' 

3$ <^Jl(up_C) ^ ^tt 4£4U(DN_C)* 

5l(DN_CH1 -S-W^ ^13^11 <H^l-(EUP_C f EDhtC,0UP_C > 0DN_C) ^ ^4*lH^l:£-|- 
(WUP_C,W0N_C)# tIM. 

<62> £S] ^l^fE^ *H3^(5lKr, 7)<£E}o] «(34)oflA^ ^l^-f^ #71 

*U2*l<£-i# ^ #M ^l^Rr #7l ^I3^1^^f-^ #^^1^1-(E0UT_C,00UT_C) 

<H^3.(51)^ #^1*H ^ 4^^(DN_F) ^ ^RHWl tfl# JUDN_S)7} 3. 

¥ nfl #71 ^^^^ ^*K4^^1^(DN_C)1- %>8 3^1*14. 

<63> c go. £ 5^ c A |5l Xfll^-El^^ ^fl<H^S.(51)Sl 5]^£C»1J1 c 7 o. c 50]] 

4°]$ 3.(53) 2) $4 5jS£olcf. 

<64> 51 6^ ^S^, ^ll^El^^ ^1^5]S(51)^ <&=7lMM-(61,62)' £ <&*\^y 

(63,64)1- ^1*14. 5L 7# #2,*}^ , 42^^^ 4°]S\^(53)^ *H 33.(71), 
7]} oimi-(72-79, 84, 85), ^ #(80-83.) -i: ^lW. *lll-^^ *H33.(51) ^ 

<65> 5: 8 £ r: 3^ ^o^o] « ( 34 )4 |f£o|cf. 



Q7-17 
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< 66 > £ 8 ^ %2,-5}i£ t *l<3eKl «-(34)^ ^^^.(34A)^ ^^^o](34B)l- i£f]-^4. 
^1 < ?!^ < ?1(34B)-^ 4^7^ xl^4i-(Bl-Bn)i: S.^}3- ^^.^ f-*fl 

A1J1(ECLK)1- X^IM-. 

<67> ^J!«5]5-(34A)tt 4^r7fl^ ^^7l#(Al-An)# ltt4. »M £°1 

S(34A)^ #71 afliaW^l-^ ^B^1*H tfl^ ^^^l^ir(EUP_F ( EDN_F,0UP_F,0DN_F) 

-§-#*M ^^^15"#(SEL1_F ifl^l SELn_F)l- t^^Jl #7] ^H^i:^ 
*H ufl^j- ^<H^^l-(EUP_S f EDlLs,OUP_S,0DN_S) 6 l| -§-^H #^3:-|-(SELl_S 
SELruS)!- iH^l ^13^1^ ^1^1- (EUP.CEDN.COtF.CODN^C)^ -g-^^H ^^^1^, 
(SEL1_C ^fl*l SELn_C)# 

<68> ^^^l3ll:(SELl_F vfl^l SELn_F)^ ^1^^^(34B) ^ °J^*1 ¥ 7fl<5] ^l*]^ 
M #^^l^l-(EOUT_F,OOUT_F)-ir *I^Kr ^^<^1^ ¥ 7fl*j ^d^S-t 
(SEL1_S tfl^l SELn_S)^ ^^^|^1(34B) ^ <^*> ¥ 7fl^ 2fl2*l<£l €1-^ 
(E0UTLS,00UT_S)4 -a^^fe ¥ 7H #^3-^4. #^Jll-(SELl_C iflxj 

SELn_C)£ ^1^^^1(34B) ^ ¥ 7^ 43*1 #3 

(E0UT_C,00UT_C)^r *i^Rr ^JL°H 7fl^ ^^t)-. 

<69> tnj-^ #71 ^p^Aijr" #^41 *H tfl?V ^H^SL* 

(ElF_F,EDNJ7,0UPJ r > 0DNJ ? )i -§-#*H r 7fl^ ^l^Hl-, 1^ 21«i^ ^ 

22«i^ *l«3>g!-(B2X,B22H sfl^Rr = 7fl^ ^i»Al5L-i-(SEL21_F, SEL22_F)°1 ^sj- 
ojofl nj-el- xl<^^l-(B21 ) B22)£] J:#(E0UTJs(X)UT_F)< : >1 #^£4. 

£E*V #7l ^l^<H^li-i-# §>7j-oil^6|l tfl^j. ^]c>|AlJ:-t(EUP_S,EDN_S ) OUP_S > ODN_S)^ 

tg-sH ¥ 7fls] *)12*1<3€1-, i5«l^ ^ i6#*11 ^-Sl-CBis^ieH *ll 
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44^r ~ 7flsl 4^43l#(SEL15_S, SEL16.SH Sh^sMiz. oH 44 444* 
.(B15,B16)4 #^4^1-(EOUT_S,OOUT_S)°l 4^14 #^44. 
<?o> t^ffr Aj. 7 ] ^I3^o]^isl-(EUP_C,EDN_C,OUP_C > ODN_C)^ -§-#3H #7l 4144!-* 
4 44 424 441- 4°14 3 ^°<H 444tt 4^4 ¥ 7flsl 434441-, ^ 184 
*fl 4 19*}*11 444-t(B18,B19H 444^ ^ 7fl5] 4^)4^-i-(SEL18_C, SEL19_CH 
$#43 JL o)6\] tcfef ^i^^^( B i 8)B i9)o^ #^A]^-i-(EOUT_C,OOUT_C)ol 4^4°1 #H 

€4. . 

<7i> 7£ 9A 4 -£ 9Btt J£ 3^1 £44 £ 4M 4€- DCC 7l^# 4fe DLL4 ^4 ej-oj 
c o 1 £°14. £ 9A 4 £ 9B^1 40IDJS.S £ 4^ DDL^l #4 4 4^.44 

<?2> 44 ^fEi4oi^o] 50 %7f 44 4t#^ 4s(eclk)7> dlls <^s!4, 4^ 44 
^ 4h«1 44#3 ^it, t 4i44 44#elH4(35)4 #^4j£(DLCLK_F_R)^ 4 
44:§U/DLCLK_F_R) 4 *fl244 43 #elH&| (36)^1 #^4±(DLCLK_S_R)4 iL# 
444(38)5. =MJ3 7,144^- a.4-44401 #^44. 4^1 444#4(3i) 

o)i 4^ 43l(eclk) 4 ^4 444(38)4 #^4^ 4°14 3#44 3#sH 

°H tfl-f-^ ^4^#(t)P_F ) UP_S) 4 4£4:£l-(DN4\DN_SH 4444. 

<73> 4^-011 41^14515.(32)44 ^4^1-(UP_F,UP_S) 4 4£4J:-t(DN_F,DN_SH -§- 
44^ 4^#3 4J4ECLK) 4 4h«1 4^f#3 ^lit, ^ 4£-&(/DLCLK_F_R, 
dlclk_s_R) 4°14 4441- 4^44 44 4i4°14s-t 

(EUPJ?,OlFJ r ,EDNJ?,QDN_F,EUP_S,OUP_S,EDN_S f 0DN_S) 4 44 4^471 44 42444 
1- ( WUP_F , WDN_F , WUP_S , WDN_S ) <>1 4444. 

T7-1Q 
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< 74 > EH^JEofl ti |^ £ 0 ) EUP_F ^]JL ^ 0UP_F ^IJl^r 44 UP_F 4^ 

(even) «i^fl 4°1# ^ §^r(odd) ^ *H#°1] tfl-g-^H ^^14. EDN_F ^ 
0DN_F ^IJ:^ 44 DN_F 4^ 401^ ^ ^ ^fl ^olf-oij ^-g-^o] ^ 

€4. EUP_S ^ 0UP_S ^i^b 44 UP_S ^ 4 

^€4. EDN_S ^IJ: ^ 0DN_S ^IJl^r 44 DN_S 4^ u]^ 4 

0 1€ ^ *H#*i) tfl^H ^JS4. 

<75> 5E*1 ^12^I1^S1S(33) C H1^ ^^1J:1:(UP_F,UP_S) ^ 4£^#(DN_F ) DN_SH1 -§-#'. 
*H ^34^ ^S(UP_C) ^ ^44^ 4£^(DN_C)7} ^^4. o] 

^ ^34^ ^^V ^Al^(UP_C)fe #^14°11 t}Rl ^IKUPJ?) ^ 44°fl44 <fl$ 
^^1^(UP_S)7> 5.^- fe4'4°l"S €^3-1 «fl fe4'4°l"S %^sHe!4. 4471-4^. ^ 
3^4 # 4£^li<(DN_C)fe 4^11 4 W 4£4s(DNF) ^ ^4i4°fl « . 

4^^1^(DN_S)7> H^f- %44^ nfl b4'4oj-- S %^S)-^4. £ 9^ T%6\ 

*Q^°\)*\xr -SH^H <W ^^1^(UP_F) ^ W|7loll tfl$ <^A]S(UP_S)7> 

Ji ^H^Wl 4^ 4£4Jl(DN_F) 4 44^H <W 4£^(DN_S)b #^34 

<76> nf-g-ofl *H2*fl43]S(33H]4 o] ^E144# 4*1 <^Jl(UP_C) ^ ^4^4-ir 4*1 
4^A]i(DN_C)^] -§-#4°i 4i:(ECLK)5l a£i ^^H^l- 4^}7l ^ afl 

S^l^^lJll-CEUP.CEDN^COUP.CODN.C) ^ 4^1 . Ti^H^l" ^447] SR> t^H^ 
^(WUP_C,WDN_CH ^-^^4. 
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<77> EUJ\C ^ 0UP_C ^lilfe AA UP_C #*fl *H# 4 

0 H-°11 EDN_C ^ 0DN_C *±5-Tr AA DN_C A^r #*fl 4 

°}W ^ *M#4I tH^-^M ^€4. 

(EUPJsEDNJ\0lPJ\0DN_FHl -g-#*H t 7flsl *fl 1*1 £ il l- , 21*1*11 ^ 

22«i^ ^l^^l-^ ^^Rr ^ 7fl^ ^^^l±-t(SEL21_F j SEL22_F)°1 % 
^£He14. °H1 44 21*1*11 ^ 22«i^fl *1<£€1:^ ; 
(EOUT_F,0OUT_F)^i #^€4. 

< 79 > 5E^r xl^sq-o] «-(34)o 1 iAi a o v 7 | ^^i^Ai^^ <5RM]*H cfl*V ^H^IJU- 
(EUP_S,EDN_S,0UP_S,0DN_SH 91^^ ^ 7fls] *fl2*l<Sl81-, ^l^tfl 15^^ ^ 

16«i^ Sfl^wRr ^ 7fl^ ^^Al^l-(SEL15_S, SEL16_S)°1 fefil"4°l"^ % 

^2}-€4. °H1 42+ 15*1*11 ^ 16*1*11 ^l^il-^ *^^]S-tol ^BflSjo] A^A]^^ 
(E0UT_S,00Ut_S)^i #^£4. 

<so> *1?«£K1 ^-(34HH A oM ^3^1^^1^1-(EUP_C,EDN_C ( 0UP_C,0DN_C)^ 

<*! #71 ^11^1^^1-4 ^-71 *ll2*l<£« ^ ^°oHl 3*i*Rr <£l^ ¥ 7fl5l 

^13^1 ^ 18^*11 ^ 19*1 *1| xl^^o)] ^fl^l-^ ^- 7 fl'sl ^^^1^#(SEL18_C, 

SEL19_CH °H 44 18*1*11 ^ 19*1*11 M^mi-ol 

#^^ls-t(E0UT_C,00UT_C)S7.i #§3 514. sl^^^S #^^1J:1-(E0UT_F,00UT_F) , # 
^<031-i-(EOUT_S,OOUT_S), ^ #^^1^1-(E0UT_C,00UT_C)^ ^1Jl(ECLKH cfl^V 
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<8i> uf^-ofl ^|i<H# oiell- ell <>leU35HH ^7] ^2^1^^Jll-(WlJP_F,Wi)NJ?)^ 

<*l #^^1S*(E0UT_F,00UT_F)^»1 ^^^^0) ^s\o] ^o\]x] 7 } a]Jl(ECLK)^ 
A <B^1*H 4^ ^l^lfe ^l^(DLCLK_F_R)7l- ^-^slJl ^(DLCLK_F_R)^ ^ojf 
*H -§-#*M M^^r £^ ^S(DLCLK_F)7l- ^ 

(DLCLK_F_R)tt 5i]H«fl is}^*] aft*] <&7) (38)5. ^1^^# 

sj ^JUDLCIXF)^ ^151^^1 ' ifl 2] ^}Jl1-# sms^l ' 

<82> *fl2^# ?]Bl#eflolEK36)^^^ #71 ^H^:£l;(WUP_S,WDN_SHl 4^*H #■ 

^^^#(E0ULS>00Ur_S)ol ^l^f5l]o]E£)^ ^ojf^7> Al^(ECLK)^ 's^ofl 

*H 4^ ^71^1^ ^}J> (DLCLK_S_R)7> 1H^4. o] a]^(DLCLK_S_R)^ ^ = «fl tfl^-# 
£j tf^. iL#*l <^ 7] (38)5 ^£4. 

<83> ^ 43$^ (37) <fl A o v 7l ^14^^^1^1-(WUP_C > WDN_C) 0 11 

°i #^^l«(EOUT_C,0OUT_C)fi>l SIe^^HB^M ^ofl^yf ai±(DLCLK_S_R)51 ■ 
°fl^lsq- ^JUDLCLK_F_R)^ ^^V^x] a\o}^ ^#6\)x\ o]d\]c]^s\^ ^2ifl4#^ 
(DLCLK_C)7> ^^rf. zl ^4 ^l2^#^ ^iL(DLCLK_C)^ #^1*1^ ^7} 50%^ 
^IJl(ECLK')^ *RM1*H -^71^4. *H2vfl^-t3 ^(DLCLK.C)^ 

<84> ojAj-oH^^ ^o] a. ^rgoll 4€r DLL^H^, ^E^H#°1 50%7> o}^ ^-f^ 

^Jl(ECLK)7> ^sl^-Si 3^30.3.^. ^°fl^7> ^IJI(ECLK)^ *H 

^7l5^ ^(DLCLO)^ #^1*17} oIav^oi <qjjL^ ^l^(ECLK')^ 

7 <H*H ^7l£]^ *H2^t3 Al^(DLCLK_C)7> °.5*1 ^*H€°1 50%s _ 
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<85> ^ -E)4oli-o] 50 %o] oltf^ol iqjf^l} ^1^(ECLK')7> ^^Ml^, *1 

<3§eKI ^-(34)^1^ <y^*i ^ 7 U4 ^iSl-^oi ^iH^^i #^ 

^1^1-(E0UT_F,00UT_F), #^:£#(E0UT_S,00UT_S) , ^ #^Jl1-(E0UTJ;,00UTJ:H 
2-¥ #^€4. ri 14 ^£(DLCLKJUM ^ofl^^ o]#q*\ 4^-#^ 

7^(ECLK')4 #^41 *H ^7l£)jl 4^3^ ^]JL(DLCLK_S_R)^ ^°H^lfe 

^l^(ECLK')^ ^Hl^l^l -^7144. nJ-fiH .^Wt^ <0Ji 

(DLCLK_F)4 ^oflxl^ S>}^m^ ^(EOK'M ^-^ofl^Hl %-7}s\3l .^2xflY#^ ^ 
(DLCLKj:)4 #<§^14^ ^Jf#^ ^S(ECLK')51 *RM1*H1 #7^4. 

4&°.h-, «m #4 ^ -s^sm 4tt ^*hh sh*hhm- 

^^3H 7l7fl^ £ ^s] «34t- ^l*lsi-7l najHS 

£ 7l# f-C.)4 44^ 7 >4 7}^ <>]S.^ 4^*1 £^ £ *4 

7> 7B?<5}tHr Ol^flt ^o]^. 444, ^ ej-taoj ^ ,33- |1J=L 

44 £o] £ ^ofl 4^ DLL-c 1 ^W^7l# ^w)4xl ^rji DLL ^JjMN 
4*11 3 AS ^4*M#^- j±^4. £ 4€- DLL^r flW^7ll- ^4^1 &A 

^£ DCC ^4* 7>4H £^£-7}- *U ¥*HrSHH cfltt 7)1^1 ^ocj 3:4 

p)i£si^i4 ^-i- f4Mi ^ sa^ 4^°i $14. 
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[37^ 1] 

alls. <dl€ 4^7fl5i #7) *1<£«-|- ^sfl A o v 7l 

^-I-t- #^*H t^^n. atb ^-71 ^H^UlM -s-^h m*}^^ 

#^*H f^*Kr 7}^0] ^y]^ ^ o. h^,o 5 ^ -E^H^ ^ 

2] 
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<0 # ^ all 13 «?! ^ 1" 31 °1 3 ; 

^7} ^H^O^i-^ -g-^H A J-7l ^13^1^^1-31 #^^1^1# <?lBi#^clE^ 

°i #^^« t^JL o] ^2^#§1 ^Is^l #^Rr *1133# «elBi# 

31*1^* D) ^til^ ^ ^ ^El*H€ ^71^ ^ xl^^7l^S 51 
3] 

A oM i^3l Al7i*>-t iL^l^AjTl ^"71 ^^#7lS. #^ *Rr 

^^1^7l# D] ^«l*Kr ^ 5}^ ^Hl^H# ^7l^# ^ ^^^71^. 

4] 

7l^# 5fe ^1^^7145. 5]^. 
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4l%H 9X°]*\, ^7} *\}24°]#3l^ ^4*H tfltb ^^)Sl ^"71 42 

^■71 ^Jl*^ #^4*H ^ ^"71 t%£#3L^ #^4*H ^ 

t}£^J:4 -§-#*H ^-71 ^ll^H^^l-^ -#^4*H tfl^r ^H^i^ ^ 424 

<^i>^ #^4*H tflft *H4!£l:-§- ^*Kr ^4*1 4°^^; * 
t±&#3L4 -S-^H A cM 414^^*^ ^ 4^^1« ^ #7] 424 

r^T 1 ^ 7] 

4HH #*\*\, #7] 424^s]s^, 

4^21- iH^Rr 4^s|s; * 

434^^1^ ^ 444 ^^l^-^ lH!*Kr 42^^ 4^5is.# ^l^Kr 3 
4 ^e]*m# ^71^4 $fe x)<£^7W2. s]s. 
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8] 

10] 

in 

fi^7l^# '3Hr Xl^7l^E £|3L. 
12] 

^112%H1 S^l, ^"71 ^1^ °jEi^eflolE^ #71 ^l^J^r ^H 1 -f A oM 
*fll^ ^lE^EflolE^ # 7 j ^U^^Al^ ^ofl^ofl -g-ijHsH £ 
tt ^^^"^-i: 43-°S ^ ^^4o]^ iL^7l^ ^ ^^^7l^S 
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[■-S'Y^ 13] 

^12%H1 floH, ^ ^ A oM *fl2^# ^B^EflolEi^ #71 f^AlJr^ #"£41*1 
7> #7l £^#3 #:M T^lxH 40] ^Sjfe ^ ^34<>lt 

l'lr<3 14] 

^12%H] 5a°H, #7l *fl3$l# ^^IH^ #7l #^Jltt ^ ^ ^37} 
^€ #51^ ^J-ofl^ofl -g-^H ^IJ:^ 3^ ^8 A3. *Kr 

15] 

(a) #5L ^ S]2=^ #JH- Al-Olfil ^^># °H tfl 

-g-*Rr <3#:si: ^ lH3*Hr #31; 

(b) #71 <^#« ^ ^^lill-oll -§-^M #7] #X ^ #7l 3J] = «fl 

(c) #71 <^5L# ^ Cf^^l^i -g-^H #7l &1Y€3 #^ ^ El o)l 

^1; 
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(d) #71 ^ll^l^^lJll-^ #<£<*fl*H tfl^ ^#01] -g-#*H ^ll^l^^l-S] 

#7l ^H^iLi;^ sMN*W tfl^v -g-^H 

71 ^ni^^ii-4 ^-7i 7ii2*i<a« ^ ^°oHi 3*i*Rr ^l^-ii-^ 

*N*H #3*Hr £31; 

.(e) $7] ^H^l-^ ^H^H cfl^l %^d\) -g-^H . ^7l ^1^^€1-^ 
^j-7l ^q-^-Ai ^l^-^Jl o] *fl2#^3Lt- *lM^-#3 

3 ^1^1-^ 4^- WJ^i ^l^Rr £31; £ 

(g) #7l ^U^H^l^lri -§-£*H ^"71 43^1^^-tSl f^Jll^; °jEi#eflol 

'[^nF-^ 16] 

^114%H1 #7) (c) £31^r, 

(Cl) #7] £ ^-71 Cf^Al^oll -g-#^ -E^^ <H*V <^Jl * 
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(c2) ^7} ^ <Q4\S. ^ ^7) W ^lim -g-^H 

$7} ^H^lslr * ^7l *)14*IH41J-1:# lH?*Rr T^Rr 

17] 

18] 
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